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ABSTOACT 


Hie  Lake  Erie  Wastewater  Management  Study  is  to  develop  a  recommended 
management  program  for  the  Lake  Erie  Basin.  A  rtajor  part  of  this  program 
is  to  be  a  management  program  for  agricultural  sources  of  pollution.  This 
report  is  an  economic  analysis  of  alternative  strategies  for  controlling 
nonpoint  source  pollution  in  the  Honey  Creek  Watershed.  This  watershed 
is  located  in  north  central  Ohio  and  is  thought  to  be  representative  of 
much  of  north  central  and  northwestern  Ohio,  major  sources  of  nonpoint 
agricultural  pollution  in  Lake  Erie. 

Earlier  studies  have  pointed  to  sediment  and  phosphorus  loadings  as 
being  critical  pollutants  in  Lake  Erie.  In  addition ,  previous  work  has 
inventoried  existing  farm  management  practices  and  alternative  farm 
nanagement  practices  which  reduce  pollutant  loadings.  The  intent  of  this 
study  is  to  identify  the  relationship  between  farm  income  and  the  major 
pollutants,  soil  loss  and  phosphorus  loss.  «= • 

Several  strategies  to  reduce  nonpoint  pollution  are  identified. 

These  include  restrictions  on  pollutants,  taxes  on  pollutants,  subsidies 
to  reduce  pollutants,  restrictions  on  inputs  or  processes  causing  pollutants, 
taxes  on  pollutant  producing  inputs,  subsidies  on  pollutant  abating  inputs, 
or  direct  bargaining  between  perpetrators  and  sufferers.  Three  of  these 
strategies  are  examined  in  detail  in  the  analysis:  restrictions  on  soil 
loss,  taxes  on  soil  loss  and  subsidies  to  reduce  soil  loss. 

Results  indicate  that  initial  reductions  in  soil  and  phosphorus 
losses  are  inexpensive  to  the  farmer  and  society.  Soil  and  phosphorus 
losses  can  be  reduced  by  nearly  one-half  with  little  or  no  reduction  in 
net  farm  income.  Reductions  in  pollutants  are  due  to  shifts  toward  reduced 


tillage  systems  which  either  maintain  or  enhance  net  farm  income.  If  the 
assumption  is  node  that  adequate  drainage  is  available  or  installed  in 
the  watershed,  mininum  tillage  and  no  tillage  rotations  could  be  employed 
on  over  three-fourths  of  the  crop  acreage  compared  to  the  current  practice 
of  using  these  systems  on  only  10  percent  of  the  acreage. 

The  soil  loss  tolerance  factor,  T-value,  is  the  approximate  level  of 
soil  loss  where  substantial  costs  increases  are  incurred  for  added 
reductions  in  pollutant  loadings.  Reducing  soil  loss  below  the  T-value 
forces  dramatic  shifts  in  crop  and  livestock  production  within  the  water¬ 
shed. 

The  net  economic  inpacts  of  restrictions  on  soil  loss,  a  tax  on  soil 
loss,  or  a  subsidy  for  reducing  soil  loss  are  approximately  the  same. 
However,  the  strategies  differ  in  their  inpact  an  the  farmer  and  the 
taxpayer.  Generally,  the  farmers'  order  of  preference  would  be  a 
subsidy,  then  regulation,  and  finally  a  tax.  Conversely,  taxpayers' 
order  of  preference  would  be  a  tax,  then  regulation,  and  finally  a 
subsidy.  This  ordering  assumes  administrative  costs  are  similar  for 
the  three  strategies. 


INTRODUCTION 


The  Lake  Erie  Wastewater  Management  Study  of  the  U.S.  Amy  Corps 
of  Engineers  is  to  develop  a  reoonnended  management  program  for  agricultural 
sources  of  pollution.  The  procedure  is  to  identify  land  management 
practices  which  reduce  pollutant  loadings  in  the  Lake  Erie  Basin,  to 
quantify  the  effects  of  these  practices  on  pollutant  loadings,  and  to 
determine  the  economic  cost  of  implementing  the  practices. 

This  study  was  ccrpleted  by  the  Ohio  Agricultural  Research  and 
Development  Center  (QARDC)  at  the  request  of  the  Buffalo  District  of  the 
U.S.  Army  Corps  of  Engineers.  It  concentrates  on  estimating  the  economic 
cost  of  inplementing  management  practices  which  reduce  pollutant  loadings. 

It  uses  the  Honey  Creek  Watershed  of  North  Centred.,  Ohio  as  the  unit  of 
analysis.  The  purpose  of  the  study  is  to  identify  the  relationship 
between  water  quality  and  farm  income  in  Honey  Creek. 

While  the  broader  abjective  is  to  develop  a  management  program  for 
all  of  the  Lake  Erie  Basin,  this  study  concentrates  on  a  small  (189 
square  mile)  watershed  within  the  basin.  The  reason  for  this  limited 
scope  is  threefold.  First,  northern  Ohio  is  a  major  contributor  to  non- 
point  pollution  loadings  in  Lake  Erie.  There  is  strong  evidence  that 
agricultural  activity  is  the  predominant  source  of  sediment  and  phosphate 
loadings  from  the  area.  Second,  theHone.V.  Creek  Watershed  is  considered 
generally  representative  of  rural  land  in  Northern  Ohio,  and  analysis  of 
this  watershed  allows  inferences  to  be  made  about  much  of  Northern  Ohio. 
Finally,  limited  resources  and  a  close  time  horizon  dictate  a  study  which 
attenpts  to  draw  inferences  about  agricultural  nonpoint  pollution  from  a 


during  Phase  I  of  the  Lake  Erie  Wastewater  Management  Study,  a  large 


determine  the  sources  of  pollutant  loadings  in  Lake  Erie.  The  result  of 


transportation,  water  treatment,  and  recreational  opportunities.  In 
addition,  plant  nutrients  which  axe  carried  by  suspended  solids  stimulate 


water  quality  parameters. 

The  second  effort  preceding  this  study  was  an  identification  of 
agricultural  activities  which  inprove  voter  quality  in  Honey  Creek. 

It  was  oorpleted  by  Resource  Managements  Associates  with  assistance  from 


This  work 


ship  between  farm  income  and  the  two  major  water  quality  parameters,  soil 


and  phosphorus  loss.  It  ccnpares  (a)  water  quality  measures  and  (b) 


Honey  Creek  Watershed,  (2)  to  develop  a  model  of  the  watershed  which 


(3)  to  determine  the  economic  cost  of  reducing  a  unit  of  soil  and  phosphorus 


CHARACTERISTICS  OF  HONEY  CREEK  WATERSHED 


portion  of  Wyandot  county.  The  watershed  is  of  moderate  size  and  may  be 


one  of  the  most  heterogeneous  watersheds  in  northern  Ohio.  For  exanple 


alluvial  and  terrace  soils  in  this  region  developed  from  western  Ohio 


glacial  material.  Most  of  the  soils  of  Seneca  and  Wyandot  counties  are 


comprised  largely  of  limestone  and  clay.  However,  those  of  Huron,  Crawford 


content  of  extractable  aluminum  which  increases  the  need  for  liming 


categorized  by  The  Ohio  Soil  and  water  Conservation  Needs  Conmittee  as 


Watershed  in  Perspective  to  the  Lake 


a  producer  or  consumer  does  not  account  for  all  costs  of  an  activity. 

Rather,  the  incidence  of  some  of  the  costs  shift  to  someone  other  than 
those  who  cause  them. 

The  efficient  agricultural  production  machine  faces  such  externalities. 
Fanners  produce  an  abundant,  low  cost  food  supply.  But  also  they  produce 
soil  erosion  (or  nonpoint  source  pollution  if  one  prefers  the  latest 
jargon).  Like  the  no-lead  gas  buyer,  many  farmers  would  rather  not  pay 
the  price  of  lessening  pollution  since  it's  not  always  in  their  best 
interest. 

Soil  erosion  has  obvious  environmental  iirpacts.  It  produces  soil 
sedimentation  and  higher  concentration  of  chemicals  (especially  nitrogen, 
phosphorus,  and  pesticides)  which  lead  to  "downstream"  costs  such  as 
increased  water  treatment  costs,  increased  drainage  ditch  clearing  costs, 
reduced  reservoir  life,  algae  growth  in  water  bodies,  and  damage  of 
recreational  sites.  In  addition,  severe  soil  erosion  can  damage  the  land 
for  future  generations. 

Some  say  that  the  costs  to  those  downstream  and  to  future  generations 
are  high  enough  that  agricultural  producers  should  be  forced  to  reduce 
erosion.  While  few  producers  would  dispute  the  incidence  of  these  costs, 
many  would  argue  that  the  benefits  of  an  efficient  food  production  system 
overshadow  these  environmental  impacts.  Others  argue  that  soil  erosion 
needs  to  be  reduced  but  charge  that  it  is  wrong  to  force  the  farmer  to 
bear  all  the  costs  of  reduced  erosion  when  he  receives  few  of  the  benefits. 
Thus,  the  issue  centers  around  (a)  a  comparison  of  costs  and  benefits  of 
improved  water  quality  and  (b)  a  determination  of  who  bears  the  cost  if 
water  quality  is  improved. 


loss.  The  principle  strategies  which  might  be  implemented  in  Honey  Creek 


3.  subsidy  for  reduced  soil  and  phosphorus  loss. 

4.  regulation  of  production  processes  or  inputs  to  allow  only  those 
which  reduce  soil  and  phosphorus  loss. 


5.  subsidies  for  inputs  which  reduce  soil  and  phosphorus  loss 


6.  taxes  on  inputs  which  encourage  soil  and  phosphorus  loss 


In  the  current  debate  over  control  of  non  point  source  pollution,  the 


allowed  to  use  his  choice  of  technologies,  inputs,  and  output  as  long  as 


restricted  to  a  given  set  of  production  processes.  Generally,  less 
flexibility  is  allowed  than  with  emission  standards.  An  example  might  be 
restricting  tillage  to  only  no  till  systems  on  particular  soils. 

The  impact  of  the  emission  standard  on  farm  income  is  represented 


increases .  That  is,  as  more  output  is  produced,  diminishing  returns  cause 


total  exists  to  increase  more  rapidly  than  total  revenue.  The  fanner 
maximizes  profits  by  producing  az  income  (Figure  3a)  with  b  units  of  soil 
loss. 

As  soil  loss  is  restricted  to  a  lower  level,  profits  fall.  For 
exanple,  soil  loss  might  be  restricted  to  level  e  where  3*  7  <  profits  are 
received.  The  profit  received  by  the  firm  for  all  levels  of  soil  loss 
are  shewn  by  curve  ON  in  Figure  3a. 

The  marginal  benefits  to  farmers  (MBF)  of  an  extra  unit  of  soil  loss 
is  shown  in  Figure  3b  as  curve  ahb.  As  more  soil  loss  is  allowed,  profit 
increases  at  a  decreasing  rate  until  b  units  of  soil  loss  are  produced. 

At  b  units,  profit  is  maximized,  and  profit  decreases  as  more  units  of 
soil  loss  are  added. 

A  restriction  on  soil  loss  to  level  e  reduces  farm  income  by  ehb. 
Before  the  restriction,  farm  income  is  the  area  under  the  marginal  benefits 
curve  or  oab.  With  the  introduction  of  a  restriction  on  soil  loss,  profits 
are  reduced  to  oahe. 

Downstream  costs  and  costs  to  future  generations  must  also  be 
considered  in  a  decision  of  the  optimum  restriction  on  soil  loss.  Each 
additional  unit  of  soil  loss  adds  costs  such  as  higher  water  treatment 
costs,  higher  ditch  drainage  costs,  and  daimged  recreation  and  fishing 
opportunities .  Furthermore,  these  damages  increase  at  an  increasing  rate 
as  depicted  by  the  marginal  costs  to  society  (M2S)  curve  or  ogc  in  Figure 
3b.  As  a  restriction  is  placed  on  soil  loss  at  level  e,  society’s  costs 
are  lessened  by  the  amount  depicted  by  area  egeb.  Thus,  the  net  gain 
(reduced  downstream  costs  less  reduced  farmers  profit's)  as  a  result  of 
the  restriction  is  area  hgeb. 


In  order  to  maximize  benefits  to  society  as  a  whole  (downstream 
users  and  farmers) ,  soil  loss  would  be  restricted  to  level  f  in  Figure 
3b.  At  that  point,  further  restrictions  on  soil  loss  would  reduce 
farmers  profits  more  than  it  would  reduce  downstream  costs.  Soil 
loss  less  than  f  would  be  inefficient. 


From  an  efficiency  standpoint,  society  is  clearly  better  off  to  allow 
sane  soil  loss.  If  the  interest  is  in  maximizing  net  societal  benefits, 
up  to  f  units  of  soil  loss  are  permitted  in  Figure  3b. 

An  important  cost  emitted  in  Figure  3b  is  the  administrative  cost  of 


at  all  levels  of  government  would  indicate  that  these  administrative 


Methods  of  reducing  these  administrative  costs  might  be  through  the 
use  of  taxes  or  subsidies  where  the  monitoring  and  enforcement  costs 
would  be  less  (Methods  2  and  3  on  the  list  of  alternative  strategies) . 

Implementation  of  a  tax  on  soil  loss  is  illustrated  in  Figure  4a  and 
4b.  In  Figure  4a  the  producer  is  facing  a  total  revenue  curve  (TO)  and 
total  cost  curve  (TC) .  When  the  vertical  distance  between  the  two  curves 


is  subtracted,  the  total  profit  curve  (CN)  emerges.  Maximum  profits 


occur  at  b  units  of  soil  loss  with  az  profit.  This  initial  level  of  soil 


and  profit  curve  (ON1)  are  created.  Marginal  benefits  to  the  fanner 


decline  to  de,  and  the  profit  of  the  farm  is  area  ode.  Dcwnstream  costs 


are  reduced  by  the  area  egcb.  Farmers  realize  a  loss  of  dabe,  and  the 


governmental  body  levying  the  tax  receives  dahe.  Thus,  the  net  gain  to 


society  is  hgcb 


Notice  that  the  tax  and  the  regulation  have  the  same  net  effect.  In 


each  case,  the  net  gain  is  hgcb  (Figures  3b  and  4b).  The  question  is. 


"whose  ox  gets  gored?"  In  the  case  of  the  regulation,  taxpayers  pay  the 


costs  of  administering  the  regulation.  The  fanner  has  a  only  slight  loss 


in  profits  of  ehb  (Figure  3b) .  However,  with  the  tax  a  redistribution 


of  income  occurs  away  from  the  fanner  to  the  tax  coffer.  The  fanner 


loses  dabe  in  profits  of  which  dahe  ends  up  in  the  public  treasury. 


Another  economic  mechanism  to  reduce  soil  and  phosphorus  losses  is 


to  use  subsidies.  A  subsidy  might  be  awarded  for  reducing  soil  or 


phosphorus  loss  below  some  limit.  A  subsidy  scheme  is  depicted  graphically 


in  Figures  5a  and  5b.  No  subsidy  is  given  if  soil  losses  are  at  level  b 


or  greater.  However,  a  per  unit  subsidy  is  awarded  if  soil  loss  falls 


below  b.  Originally,  the  farmer  faces  total  revenue  (TR)  of  oa  and  total 


cost  (TC)  of  oxz  in  Figure  5a.  With  the  advent  of  the  subsidy,  the  cost 


curve  changes.  If  e  units  of  soil  loss  are  produced,  the  total  cost 


curve  becomes  oxz 1  z.  Initially,  the  profit  curve  is  ORPN,  but  with  the 


subsidy  the  profit  curve  is  ORQPN.  In  Figure  5b,  the  fanner  is  orginally 


enjoying  oab  profits  while  dcwnstream  users  suffer  costs  of  ocb.  When 


the  subsidy  is  enacted,  the  farmer  reduces  soil  loss  to  e,  and  increases 


profits  to  oahfb.  The  amount  of  the  subsidy  is  ehfb,  and  the  farmers 


receive  it  from  the  taxpayers.  Downstream  users  enjoy  reduced  costs  of 


egcb.  The  net  gain  to  society  is  hgcb. 


or  inputs  which  reduce  soil  and  phosphorus  loss.  Preliminary  studies 


limited  effect  on  improving  water  quality.  Phosphorus  loss  is  primarily 


crops  grown  in  the  watershed  (Casler  and  Jacobs  1975).  Corn  acreaae  is 
reduced  and  hay  acreage  is  increased.  A  similar  impact  could  be  expected  in 


Honey  Creek.  Thus,  sharply  limiting  phosphorus  application  would  cause 


would  be  less  soil  and  phosphorus  loss  and  dramatically  lcwer  incomes  to 


of  which  a  few  are  discussed 


tillage  equipment  can  qualify  much  of  their  equipment  for  pollution 


occurring  at  level  b  where  the  farmers  own  profits  are  being  rraximized. 
Hcwever .  the  fanner  is  not  accounting  for  downstream  costs.  Downstream 
users  are  bearing  costs  of  ocb. 

Consider  the  incentive  that  downstream  users  could  offer  the  farmer 
to  reduce  pollution.  Downstream  users  would  have  to  offer  the  farmer 
only  ehb  to  "bribe"  him  to  limit  soil  losses  to  level  e.  Both  parties 
would  be  as  well  off  or  better  off  after  the  bribe.  Downstream  users 
would  be  better  off  by  hgcb  (reduced  pollution  costs  less  the  amount  of 
the  bribe) ,  and  farmers  would  be  equally  as  well  off  as  before  the  bribe. 


users  more  than  the  reduced  soil  loss  is  worth. 


marginal  social  benefit.  Reducing  soil  loss  more  would  be  inefficient 


Three  problems  exist  with  this  theoretical  scheme.  First,  there  is  the 


free-rider  problem.  Sene  individuals  may  receive  benefits  for  which 


calculate.  Finally,  transaction  costs  are  very  high.  This  type  of 


inducement  would  be  very  difficult  to  implement  and  be  fair  to  all  parties 


taken  are  voluntary.  This  would  rarely  occur  since  the  property  rights 


Local  government  oould  be  an  organization  to  make  these  decisions. 
However,  intergovernmental  conflicts  may  exist  due  to  lack  of  uniform 
restrictions.  Some  local  governments  whose  residents  value  clean  water 
very  highly  my  inpose  stiff  guidelines  on  its  users  while  neighboring 
local  governments  who  do  not  value  clean  water  as  highly  will  not  bear 
their  share  of  the  clean-up  costs.  Also,  fanners  and  downstream  users 
are  often  in  different  local  government  units.  This  either  forces  those 
governments  who  value  water  highly  to  readjust  their  standards  or  cause 


Cn  the  other  hand,  the  federal  or  state  government  could  be  the 
decision  making  body.  However,  guidelines  are  imposed  uniformly,  those 
taxpayers  who  have  relatively  clean  water  might  pay  a  relatively  high 
and  therefore  disproportionate  share  of  clean  up  costs  as  carpared  to 
those  taxpayers  whose  water  is  polluted. 

In  sunmary,  seven  alternative  economic  strategies  might  reduce  soil 
loss.  Three  of  these  schemes  are  examined  in  detail  by  use  of  a  model 
of  the  watershed.  The  strategies  examined  include: 

1.  restriction  on  soil  loss 

a.  restriction  on  a  per  acre  basis. 

b.  a  total  soil  loss  restriction  for  the  entire  watershed 

2.  soil  loss  tax 

3.  soil  loss  subsidy 

The  first  scheme,  restriction  on  soil  loss,  is  approached  from  two 
directions.  First,  a  restriction  is  tested  which  would  require  each 
acre  to  meet  seme  multiple  of  its  soil  loss  tolerance  factor  or  T-value 
(Bone,  et  al) .  These  factors  vary  from  soil  to  soil  and  represent  the 
maximum  rate  of  soil  erosion  that  will  allow  a  high  rate  of  crop  production 
to  be  sustained  economically  and  indefinitely  (Wischmeier  and  Smith  1965).  In 
Ohio,  the  T-value  ranges  from  1  to  5  tons  per  acre.  A  restriction  of 
this  type  has  been  suggested  in  recent  discussions  concerning  state  regula¬ 
tion  of  soil  loss.  The  second  approach  to  a  restriction  is  to  restrict 
total  soil  loss  from  the  watershed.  This  restriction  represents  the 
outcome  of  a  direct  bargaining  approach  if  no  free  rider  problems  or 
transaction  costs  cure  involved.  Theoretically,  it  is  appealing,  but  it  is 
difficult  to  implement.  This  approach  allows  flexibility  within  the 
watershed.  Some  unproductive  soils  nay  be  restricted  substantially  while 
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MODEL  DESCRIPTION 

The  objectives  of  this  study  can  best  be  achieved  through  the  use 
of  a  linear  programuing  model.  Linear  progr arming  is  a  mathematical  tool 
used  to  identify  courses  of  action  which  will  optimize  seme  stated  goal. 

It  is  a  systematic  method  which  will  either  naximize  or  minimize  a  linear 
objective  function  subject  to  restraints  imposed  by  care  or  more  linear 
inequalities. 

The  general  form  of  the  linear  programming  model  is  as  follows: 
Maximize 

(1)  f  =  SCjXj 

j 

subject  to 

(2)  Eai-Xj<  b^  i  =  1,2,3,... m. 

3  J 

where  f  is  the  value  to  be  maximized. 

Cj  =  the  effect  on  f  of  a  unit  change  in  Xj 
b^  =  a  constant  representing  available  supply  of  a  resource 
a—  =  the  input-output  coefficient.  A  one  unit  change  in  Xj 
will  affect  the  entity  measured  by  b^  by  a^j  units. 

The  objective  function  used  in  this  model  is  the  maximization  of 
net  revenue  in  the  watershed.  The  activities  (Xj's)  cure  agricultural 
enterprises  found  in  the  watershed  which  affect  soil  and  phosphorous  loss. 
These  include  growing  com,  soybeans,  wheat,  oats,  and  hay  on  different 
soil  types;  using  alternative  levels  of  inputs  and  tillage  practices  on 
different  sloping  soils  as  well  as  raising  dairy  cows,  feeder  steers,  beef 
ccw-calves,  feeder  pigs,  and  finishing  hogs. 

The  net  revenue  of  each  activity  (Cj)  is  the  return  above  relevant 
cost.  Resource  restrictions  (b^'s)  include  constraints  on  total  acreage 
in  the  watershed,  limitations  on  com,  wheat,  soybeans,  oats,  and  hay 


Additional  restrictions  are  inposed  which  force  the  various  land 


characteristics  to  be  equal  to  those  actually  found  in  the  watershed 


slope,  and  length.  Other  restrictions  in  the  model  place  an  upper  limit 


ten  homogeneous  grops  of  soils  identified  by  series  which  will  be  denoted 


which  ccnprise  114,506.4  acres  or  approximately  178  square  miles.  Since 


Obviously,  some  of  the  soil  series  would  not  be  homogeneous  with 


the  model.  Therefore,  (107,921/114,506.4  =94.2  percent)  94.2  percent 


1 

Bono 

Lorain 

Luray 

Marengo 

Tbledo 

W6dUd.ll 

.24 

4 

2 

Chagrin 

Papakating 

Shoals 

.28 

5 

3 

Lenawee 

Millsdale 

Pewamo 

Pewamo-Urban 

.28 

4 

4 

Belmore 

Gal  Iran 

.32 

1 

5 

Haney 

Hennepin-Ale. 

.32 

1 

6 

Digby 

Haskins 

.32 

2 

7 

Belmore-Morley 

Milton 

.37 

1 

8 

Condit 

.37 

3 

9 

Cardington 

Glynwood 

Morley 

Ritchey 

.43 

1 

10 

Bennington 

Blount 

Tiro 

.43 

2 

aK  value  to  be  used  in  soil  loss  equation  A=RKLSCP 


Source:  U.S.D.A.  Predicting  Rainfall— Erosion  i<~>aa«»n  front  rvqp- 
land  East  of  the  Rocky  Mountains,  by  Walter  Hi 
Wischmeir  and  D.D.  Smith.  Agric.  Handbook  No.  282. 
Washington,  D.C.,  1965. 

b 

Source:  O.A.R.D.C.  An  Evaluation  of  Ohio  Soils  in  Relation  to 
No-Tillage  Com  Production,  by  G.B.  Triplett.  Jr..  D.M 
Van  Doren,  Jr.,  and  Samuel  W.  Bone.  Research  Bulletin 
1068,  1973. 


R  identifies  the  alternative  rotations  being  modelled.  They  are 
continuous  com,  com/soybeans,  corn/wheat,  corn/wheat/meadcw,  com/oats/ 
meadow,  and  continuous  meadow.  These  were  chosen  because  they  represent 
rotations  currently  in  practice,  those  proven  to  reduce  soil  loss,  and 
crops  grown  in  the  region  aside  from  com  (Becker  and  Forster  1976). 

If  a  rotation  consists  of  three  crops  while  another,  one  or  two,  the 
yield  of  each  crop  in  the  rotation  divided  by  the  number  of  crops  in  the 
rotation  is  the  yield  represented  in  the  model.  This  allows  us  to  view 
the  model  in  the  time  frame  of  one  year. 

There  are  four  T  tillage  systems  identified.  They  are  (1)  spring 
plow,  residue  left,  (2)  fall  plow,  residue  left,  (3)  33  percent  soil 
surface  tilled  or  minimum  tillage,  and  (4)  10  percent  soil  surface  tilled 
or  no-tillage.  Each  has  a  different  effect  on  soil  loss,  phosphorous 
loss,  and  yield  in  combination  with  the  soil  type  and  slope  length  factor. 

Soils  of  tillage  grouo  three  (See  Table  1)  may  only  be  spring  or  fall 
plowed.  According  to  Triplett,  et  al.,  the  soils  of  this  group  will  not 
respond  to  subsurface  drainage  since  water  can  not  effectively  move 
through  the  soil.  Thus,  current  technology  in  drainage  irrprovements  will 
not  allow  minimum  or  no-tillage  activities  for  soil  type  eight. 

Soils  of  tillage  group  five  play  an  important  role  since  these  are 
mostly  alluvial  soils  adjacent  to  streams.  Even  though  there  is  little 
satisfactory  data  on  soils  of  this  group,  reduced  tillage  does  not  seem 
to  affect  yield. 

Y  or  yield  level  refers  to  the  three  levels  of  crop  production.  This 
is  dependent  upon  the  natural  fertility  of  the  soil,  tillage  practice,  and 
the  level  of  crop  nutrients  added  during  the  crop  year. 
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There  are  three  base  yield  goals  for  each  of  the  crops  in  the  models. 
Yield  goals  for  com  are  80,  120,  and  160  bushels  per  acre,  and  yield  goals 
for  soybeans  are  35,  50,  and  65  bushels  per  acre.  For  wheat  production, 
yield  goals  are  30,  50,  and  70  bushels  per  acre  and  oat  production,  50, 

75,  and  100  bushels  per  acre.  Finally,  if  hay  is  grown  on  soil  for  less 
than  two  years,  a  yield  goal  of  two  tons  per  acre  is  expected,  and  if 
hay  is  in  a  rotation  for  two  years  or  more,  a  yield  goal  of  3.5  tons  per 
acre  is  expected.  These  goals  are  derived  front  nitrogen,  phosphorous, 
and  potassium  reccrmendations  for  each  of  the  identified  crcps  in  the 
1976-77  Agronomy  Guide. 

The  model  implies  two  assumptions  regarding  crop  yield.  First,  that 
the  inputs  into  the  system  (tillage  practice  and  fertilizer  application) 
do  not  change  during  a  rotation  on  a  specific  acre  of  land.  Thus, 
management  levels  remain  constant.  Second,  when  there  are  two  levels 
of  hay  production  (as  mentioned  earlier)  and  the  stand  has  not  matured, 
then  the  lower  yield  is  to  be  used. 

The  slope  length  factor  L  identifies  the  percent  slope  and  slope 
length.  There  are  ten  different  slope  categories  ranging  from 
0-2  percent  to  18+  percent,  each  with  a  mean  slope  length  for  calculating 
soil  loss.  However,  seme  soil  groups  are  void  of  acreage  of  a  particular 
percent  slope.  Table  2  identifies  the  combinations  of  soil  group  and 
slope  length  incorporated  into  the  model. 

For  each  crop  activity ,  the  Universal  Soil  Loss  Equation  is  used  to 
estimate  gross  soil  loss  (Wischmeier  and  Smith  lyb5).  Phosphorus  loss  is 
assumed  to  be  linearly  dependent  on  soil  loss  (Logan) . 

The  second  set  of  activities  considered  in  the  model  are  the  five 
different  livestock  producing  enterprises.  These  cure  dairy  cow,  feeder 


Table  2.  Identification  of  Soil  Groups  and  Percent  Slopes 
Found  in  the  Honey  Creek  Watershed  Vtiich  are  In- 
Incorporated  into  Model. 
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steer,  cow-calf,  feeder  pig  or  swine  breeding,  and  fed  hog  production. 
Inclusion  of  these  activities  provides  us  an  alternative  neans  to  market 
the  g  ain  being  produced.  Also,  the  phosphorous  obtained  from  manure  can 
be  used  in  raising  crops  as  an  alternative  to  purchasing  phosphorous 
outright. 

No  phosphorous  or  soil  loss  is  associated  with  livestock  jproduction 
in  this  model.  Unlike  large  feedlots  found  west  of  the  Mississippi 
River,  the  operations  here  are  small  and  diversified.  The  amount  of  soil 
and  phosphorous  loss  is  negligible  except  in  cases  where  the  livestock 
are  not  fenced  from  streams  or  drainage  ditches.  According  to  the  results 
of  the  Venice  township  survey  prepared  by  Becker  and  Forster  (1976),  this 
is  not  a  major  problem  in  the  area. 

There  are  subdivisions  within  the  activities  of  dairy  cow,  feeder 
steer,  feeder  pig  or  swine  breeding,  and  fed  hog  production,  according 
to  whether  the  animals  are  fed  on  com  purchased  inside  or  outside  of 
the  watershed.  Com  purchased  outside  the  watershed  is  21  cents  per 
bushel  higher  than  that  purchased  inside.  This  is  due  to  (1)  a  nine  cent 
per  bushel  shipping  charge  from  the  port  of  Toledo  to  the  watershed  and 
(2)  a  twelve  cent  pier  bushel  elevator  operating  irargin. 

The  activities  of  livestock  and  crop  marketing  remain  to  be  discussed. 
There  is  no  hay  selling  activity  pier  se  in  the  watershed.  It  is  assumed 
that  hay  is  only  sold  to  livestock  enterprises  inside  the  watershed.  This 
assunption  limits  the  amount  of  hay  acreage  receiving  positive  gross 
returns  by  the  amount  of  bovine  production.  Such  limitations  have  iirpor- 
tant  implications  for  the  model  since  hay  is  a  low  soil  loss  producing 
crop.  Tt>  test  this  assunption,  a  multiple  regression  analysis  was 
performed  where  the  dependent  variable  was  hay  acreage  harvested  per 


cattle  and  calves  per  county  divided  by  county  size,  and  milk  ccws  and 


heifers  per  county  divided  by  county  size.  Observations  were  obtained 


values  for  all  cattle  and  calves  is  3.007  and  milk  cows  and  heifers 


hay  is  grown.  It  would  be  a  safe  assurrption,  given  the  fact  that  hay 


Crop  acreage  restrictions  for  corn,  wheat,  soybeans,  and  oats  limit 
the  amount  of  land  devoted  to  each  enterprise  in  the  watershed.  These 
restrictions  are  an  artificial  means  of  limiting  the  amount  of  grain 
produced  so  that  the  results  (1)  represent  the  enterprises  currently  in 
the  watershed  as  realistically  as  possible,  and  (2)  represent  maximum  and 
minimum  acreage  devoted  to  crops  based  on  historical  data. 

The  amount  of  hay  produced  is  dependent  upon  the  demand  for  hay  by 
livestock.  The  model  is  formulated  such  that  more  hay  can  be  produced 
than  sold.  However,  if  all  the  hay  is  not  consumed,  it  cannot  be  marketed. 

Restrictions  are  also  established  for  the  production  of  beef,  dairy, 
and  hogs.  The  same  logic  used  for  the  crop  producing  enterprises  is  used 
here  to  limit  the  numbers  which  may  be  produced. 

Results  of  the  model  are  obtained  under  six  alternative  scenarios  as 
shewn  in  Table  3.  The  first  scenario,  "base",  represents  current  agricul¬ 
tural  practices  in  the  watershed.  It  requires  that  90  percent  of  all 
tillage  be  done  by  conventional  tillage  methods.  The  results  from  this 
scenario  provide  estimates  of  net  farm  income,  soil  loss,  and  phosphorus 
loss  under  current  practices. 

The  "unrestricted"  scenario  represents  the  watershed  tinder  the  most 
profitable  agricultural  practices.  It  is  known  that,  in  the  long  run, 
minimum  and  no  tillage  practices  are  more  profitable  than  conventional 
tillage  on  many  soils.  The  unrestricted  scenario  removes  the  base  model's 
restriction  on  conventional  tillage  and  allows  the  most  profitable  tillage 
system  to  be  used.  If  fanners  tend  to  behave  as  profit  maximizers,  the 
results  of  this  scenario  estimate  farmers  long  run  behavior. 
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Table  3.  Model  Scenarios  used  in  Long  Run  and  Short  Run  Analyses 


Model  Scenario 


"Unrestricted" 


Policy  Set  A 


Description 


Representation  of  current 
agricultural  practices. 


Representation  of  most  profi¬ 
table  agricultural  practices. 


Restricts  total  soil  loss  in 
the  watershed.  Restrictions 
of  3.00,  2.57,  2.14,  1.29,  and 
1.13  tons  per  acre  are  tested. 


Policy  Set  B 


Policy  Set  C 


Restricts  per  acre  soil  loss 
by  sate  proportion  of  the  T 
value  (Soil  loss  tolerance 
factor) .  Restrictions  tested 
are  2.0T,  1.75T,  1.5T,  1.25T, 
1.0T,  .75T,  and  .50T. 


Restricts  total  soil  loss  by 
instituting  a  soil  loss  tax. 
Taxes  of  $6.00,  $9.00,  $12.00, 
$15.00.  $18.00,  $21.00  and 
$24.00  per  ton  are  modelled. 


Policy  Set  D 


Restricts  total  soil  loss  by 
instituting  a  soil  loss 
subsidy.  Subsidies  of  $6.00, 
$9.00,  $12.00,  $15.00,  $18.00, 
$21.00  and  $24.00  per  ton  are 
modelled. 


'  mm 


Policy  set  A  restricts  total  soil  loss  in  the  watershed .  It  allows 
the  model  to  allocate  soil  loss  among  soils  in  the  watershed  in  order  to 


Thus 


factor,  is  the  maximum  rate  of  soil  erosion  that  will  allow  a  high  level 


of  crop  production  to  be  sustained  economically  and  indefinitely. 

According  to  Wischmeier  and  anith(T965)  these  factors  are  expressed  in 
terms  of  average  soil  loss  per  acre  per  year.  Using  research  data, 
experience,  and  knowledge  of  the  soil  series,  alternative  sets  of 
practices  or  management  plans  can  be  selected  to  meet  the  T  value  for 
that  soil.  Using  the  unrestricted  model  and  lowering  each  soils  output 
of  soil  loss  by  increments  of  the  T  value,  the  model  seeks  those  activities 


which  maximize  net  revenue 


When  a  negative  value  is  substituted  in  its  place,  the  optimal  solution 
will  represent  the  watershed  when  a  tax  is  levied  on  soil  loss. 

Policy  set  D  is  a  subsidy  for  reducing  soil  loss.  If  the  farmer 
reduces  soil  loss  below  that  of  the  unrestricted  model,  a  subsidy  is 


RESULTS 


The  results  of  the  policy  schemes  presented  here  are  neither  fore¬ 
casts  or  predictions.  They  provide  us  with  a  means  for  estimating  the 


relative  inpacts  of  variations  in  policy.  Hie  first  of  policy  scheme 
analyzed  is  that  of  the  base  model. 

During  1976  in  Seneca  County,  where  the  majority  of  the  watershed 
lies,  approximately  31  percent  of  the  land  was  planted  in  com,  35 
percent  in  soybeans,  21  percent  in  wheat,  6.4  percent  in  oats  and  6.3 
percent  in  hay.  The  base  model  for  the  watershed  allocates  46  percent 
of  the  land  to  com,  28  percent  to  soybeans,  12  percent  to  wheat,  5.1 
percent  to  oats  and  8.7  percent  to  hay.  Even  though  a  model  cannot 
duplicate  reality  perfectly,  the  values  obtained  cure  considered  reasonable. 

In  recent  years,  com  and  soybeans  have  alternated  as  the  number 
one  crop.  Since  their  crop  acreage  totals  65  to  70  percent  of  total 
crop  acreage,  one  would  expect  both  crops  to  maintain  their  primary 
importance.  The  base  model  accurately  reflects  this  importance. 

The  number  of  livestock  represented  in  the  base  model  closely 
represents  that  which  actually  exists.  According  to  Ohio  Agricultural 
Statistics  1976,  35.3  percent  of  all  the  animals  produced  are  "all 
cattle  and  calves,"  7.86  percent  are  "milk  ccws  and  heifers  that  have 
calved, "  and  56.86  percent  are  "hogs  and  pigs."  The  model  devotes  36.39 
percent  of  all  livestock  to  "beef  cows  and  calves"  and  "fed  beef," 

6.19  percent  bo  "dairy,"  and  57.42  percent  to  "fed  swine"  and  "breeding 
swine."  In  each  case  there  is  less  than  a  two  percent  difference 
between  the  figures. 

According  to  the  Honey  Creek  base  model,  bushels  of  com  sold 
account  for  68.5  percent  of  all  grain  sold,  18.6  percent  for  soybeans, 

8.3  percent  for  wheat,  and  4.5  percent  for  oats.  In  Seneca  County  during 
1976,  57.49  percent  of  all  grain  produced  and  sold  was  com,  20.59 
percent  soybeans,  14.93  percent  wheat,  and  6.97  percent  oats.  Considering 
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all  aspects  of  production,  the  base  model  performs  a  satisfactory  job  of 
modeling  current  activities. 

Base  model  results  indicate  that  net  returns  to  farmers  in  the 
watershed  are  $16,168,743.93  or  approximately  $149.82  per  acre  per  year. 

Net  returns  are  defined  as  returns  above  all  costs  except  land  costs. 

Land  costs  are  excluded  because  each  acre  of  land  has  the  same  opportunity 
cost  regardless  of  usage.  Soil  loss  is  occur ing  at  an  average  rate  of 
6.194  tons  per  acre  per  year,  ranging  from  approximately  1.345  tons  per 
acre  to  8.316  tons  per  acre  depending  upon  the  soil  type.  Phosphorous 
loss  is  occur ing  at  an  average  rate  of  13  pounds  per  acre  per  year. 

The  rotations  most  frequently  seen  in  this  model  are  fall  plow  com/ soybeans, 
fall  plow  com/oats/meadcw,  and  sane  fall  plow  com/wheat. 

Unrestricted  Long  Run  Model 

The  unrestricted  long  run  model,  which  uiaximizes  net  revenue,  absent 
of  any  soil  loss  restriction,  yields  sans  very  surprising  results. 

Acreages  devoted  to  each  crop  are  the  same  as  the  long  run  base  model, 
however,  total  bushels  of  corn  increase  while  others  decline.  Also, 
there  is  a  slight  decrease  in  the  number  of  dairy  livestock  produced. 

Net  revenue  in  the  watershed  is  almost  one  million  dollars  greater  in  the 
unrestricted  model  than  in  the  base  model  ($17,154,062.99  -  $16,168,743.93  = 
$985,319.06)  and  yearly  soil  loss  is  reduced  by  more  than  three  tons  per 
acre  to  3.191  tons  per  acre.  Phosphorus  loss  is  reduced  to  6.98  pounds 
per  acre. 

The  results  indicate  than  an  incentive  to  reduce  soil  loss  is  present 
and  total  net  revenue  can  easily  rise  if  soil  loss  reducing  technology  is 
adopted.  Apparently,  short  run  transition  costs  including  yield  risk  and 
uncertainty  are  much  greater  than  the  increased  returns  due  to  higher 
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yields  and  reduced  soil  loss.  In  the  unrestricted  model,  the  predominant 
rotations  are  reduced  tillage  com/soybeans  and  no-tillage  com/oats/ 
meadow.  Same  no-tillage  com/wheat  is  also  grown. 

Policy  Set  A 

Policy  set  A  restricts  total  soil  loss  in  the  watershed.  The  maximum 
soil  loss  allowable  in  the  watershed  summed  over  all  soil  types  for  the 
first  run  of  this  set  is  3.00  tons  per  acre  per  year.  Soil  losses  range 
from  1.264  tons  per  acre  to  4.446  tons  per  acre  depending  on  soil  type. 
Phosphorus  losses  total  6.3  pounds  per  acre.  Compared  to  the  unrestricted 
model,  net  revenue  declined  by  $1,214.37  in  the  watershed  due  to  the 
added  restriction.  Again,  as  in  the  unrestricted  model,  acreages  devoted 
to  each  crop  does  not  change;  however,  the  mrketed  number  of  bushels 
of  com  decreases.  This  is  due  to  shifts  in  production  from  the  more 
productive  soils  to  the  less  productive  ones.  Also,  there  are  additional 
bushels  of  soybeans,  wheat,  and  oats  sold.  The  new  rotations  which  include 
these  crops  probably  account  for  the  reduced  soil  loss  even  though  soybeans 
are  just  as  erosive  as  oom. 

The  predominant  rotations  seen  in  this  run  are  reduced  tillage 
com/soybeans  and  reduced  tillage  com/wheat.  Seme  reduced  tillage  com/ 
wheat/meadow  is  also  grown  except  on  soil  type  eight  where  fall  plowed 
com/wheat/meadow  is  the  only  activity  engaged  in.  As  discussed  in  the 
previous  chapter,  this  is  due  to  the  inherent  drainage  problems  of  the 
soil. 

When  the  soil  loss  restriction  is  2.572  tons  per  acre  per  year  the 
new  objective  function  is  $16,968,857.66.  The  decrease  in  net  revenue  is 
$183,990.96.  Therefore,  if  soil  loss  is  reduced  from  an  average  of  3.00 
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tons  per  acre  to  an  average  of  2.572  tons  per  acre  in  the  entire  water¬ 
shed,  the  marginal  cost  of  reducing  soil  loss  is  $3.98  per  ton  per  year. 
Phosphorus  loss  is  reduced  to  5.42  tons  per  acre. 

Other  differences  between  the  3  ton  per  acre  average  restriction  and 
the  2.572  ton  per  acre  average  restriction  cure  the  number  of  bushels  sold 
in  the  watershed  and  the  number  of  dairy  cows  produced.  Apparently,  a 
smaller  number  of  bushels  of  com  and  wheat  are  sold  and  a  larger  number 
of  bushels  of  soybeans  and  oats  are  marketed.  Dairy  cow  production  also 
declines  slightly . 

Next,  soil  loss  is  restricted  to  averages  of  2.14,  1.72  and  1.29 
tons  per  acre.  When  soil  loss  is  reduced  to  these  levels,  the  income  in 
the  watershed  and  crop  rotations  are  similar  to  previous  restrictions . 

The  only  exception  is  that  acreage  devoted  to  com  and  soybeans  is 
drastically  reduced  and  consequently  hay  acreage  increases.  Obviously, 
if  the  hay  cannot  be  marketed  outside  the  watershed,  the  number  of 
livestock  must  increase  to  equate  the  excess  supply  with  demand.  Other¬ 
wise  the  hay  will  remain  unconsumed. 

When  soil  loss  is  restricted  to  1.129  tons  per  acre  and  phosphorus 
to  2.38  pounds  per  acre,  many  changes  take  place  in  the  watershed.  First, 
com  and  soybean  acreage  decreases  to  76.6  percent  and  62.1  percent  of 
their  unrestricted  run  levels.  Second,  hay  acreage  increases  more  than 
three- fold  to  23,226.94  acres  or  21.6  percent  of  the  total  acreage  in  the 
watershed.  The  only  way  the  additional  hay  cam  be  consumed  at  this  time 
is  to  produce  other  livestock,  even  if  it  is  unprofitable.  It  appears 
that  introducing  the  beef  cow-calf  activity  and  selling  calves  at  210 
days  of  age  is  less  a  losing  proposition  than  leaving  hay  unoonsured. 
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As  a  result  of  this  policy  restricting  soil  loss  to  1.129  tons  per 
acre,  farmers  use  new  soil  conserving  rotations  to  maximize  net  revenue. 
Although  reduced  tillage  com/soybeans ,  and  reduced  tillage  com/oats/ 
meadow  are  still  being  used,  farmers  are  new  using  reduced  tillage  com/ 
wheat/meadew  and  continuous  meadow.  These  rotations  are  seen  on  the  more 
steeply  sloping  soils,  while  the  more  profitable  soil  eroding  rotations 
are  used  on  the  less  steeply  sloping  soils. 

Figure  7  summarizes  the  results  of  this  policy.  As  the  constraint 
becomes  more  restrictive,  net  revenue  in  the  watershed  decreases  rapidly. 
As  soil  loss  approaches  one  ton  per  acre  in  the  entire  watershed ,  the 
marginal  cost  of  reducing  soil  loss  between  1.289  and  1.129  tons  per 
acre  is  $182.64  per  ton. 

When  a  substantial  reduction  in  soil  loss  occurs,  the  number  of 
acres  devoted  to  each  crop  each  year  changes  drastically  (see  Figure  8). 
Originally  45.6  percent  and  28.2  percent  of  the  land  was  in  com  and 
soybeans  respectively.  After  soil  loss  is  reduced  to  1.129  tons  per  acre 
on  the  average  in  the  watershed,  only  39.2  percent  and  18.4  percent  of 
the  land  is  devoted  to  com  and  soybeans.  Total  land  acreage  of  these 
two  crops  declined  22  percent.  However,  hay  acreage  increased  from  8.7 
percent  to  21.6  percent  of  the  total  land  area.  Given  the  present  crop 
enterprises  seen  in  the  watershed,  this  is  the  lowest  attainable  soil 
loss. 


Policy  Set  B 

The  second  policy  plan,  policy  set  B,  is  the  scheme  for  reducing  soil 
loss  by  soil  type  in  the  entire  watershed.  Soil  losses  are  reduced  by  an 
increment  of  the  T  value  for  each  acre  in  the  watershed.  Again,  the  T 
value  is  the  maximum  rate  of  soil  erosion  that  will  allow  a  high  level  of 
crop  production  to  be  sustained  economically  and  indefinitely.  The  first 
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run  restricts  all  soil  losses  to  2  times  the  T  value.  Then  parametric 
programing  is  performed  on  every  soil  type  and  slope-length  factor  to 
reduce  soil  loss  to  1.75,  1.50,  1.25,  1.00,  .75,  and  .50  of  the  T  value. 

When  soil  loss  can  all  soil  types  is  reduced  to  2T,  the  average  soil 
loss  for  soils  in  the  watershed  is  3.00  tons  per  acre,  and  phosphorus 
losses  average  6.3  pounds  per  acre.  At  this  level  sone  soil  loss  is 
reduced  where  it  had  been  extremely  high,  however,  most  soil  loss  was 
less  than  2T.  Soil  losses  range  from  1.292  tons  per  acre  to  3.448  tons 
per  acre.  The  variation  in  soil  losses  over  all  soil  types  is  significantly 
less  than  the  least  restrictive  run  of  policy  set  A.  Because  of  the  added 
restriction,  the  net  revenue  in  the  watershed  is  $6,987,54  less  than  the 
net  revenue  figure  arrived  at  in  the  unrestricted  model.  Again,  as  in 
the  unrestricted  model,  acreages  devoted  to  each  crop  remains  unchanged, 
however  the  number  of  bushels  of  com  sold  decreases.  Also,  the  model 
is  selling  additional  bushels  of  soybeans  and  oats.  The  added  rotations 
which  include  these  crops  probably  accounts  for  this  increase  in  production 
even  though  soybeans  are  just  as  erosive  as  com. 

The  predominant  rotations  found  in  this  run  are  reduced  tillage  corn/ 
soybeans,  reduced  tillage  corn/wheat,  and  reduced  corn/oats/meadow.  This 
is  slightly  different  from  the  results  of  the  unrestricted  model  where 
no  tillage  corn/oats/meadow  was  seen  less  frequently  on  steeply  sloping 
soils. 

The  second  run  for  this  policy  set  restricts  soil  loss  1.75T  per 
acre,  and  net  revenue  is  now  $17,129,685.01.  Compared  to  the  2T 
restriction,  profits  decline  only  $17,390.44,  and  soil  loss  is  reduced 
to  2.938  tens  per  acre  on  the  average.  Again,  phosphorous  loss  declines 
directly  with  soil  loss  and  averages  6.18  pounds  per  acre.  At  this  rate, 
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soil  loss  is  reduced  from  3.00  to  2.938  in  the  entire  watershed,  and  the 
reduction  in  net  revenue  averages  $2.60  per  ton. 

Other  differences  between  the  2T  per  acre  restriction  and  the  1.75T 
per  acre  restriction  are  the  number  of  bushels  sold  in  the  watershed  and 
the  number  of  dairy  cows  produced  and  sold.  Apparently,  a  reduction  in 
the  number  of  dairy  cows  is  taking  place,  due  to  a  shift  in  hay  production 
from  more  productive  soil  to  less  productive  soil  (31,092.13  tens  of  hay 
for  2T  restriction  versus  30,186.33  tons  of  hay  for  1.75T  restriction). 
Bushels  of  com  sold  increases  slightly,  but  there  is  a  reduction  in  the 
number  of  soybeans,  oats,  and  wheat  sold. 

The  predominant  rotations  found  in  this  run  are  similar  to  those 
rotations  where  the  restriction  is  only  2T.  There  is  no  increase  in  the 
amount  of  hay  produced. 

When  a  soil  loss  restriction  of  T  is  imposed  on  those  farms  in  the 
watershed,  moderate  changes  take  place.  Com  and  soybean  acareage  decreases 
to  93.3  percent  and  86.3  percent  of  their  initial  level.  Second,  hay 
acreage  increases  almost  two-fold  to  16,968.93  acres.  By  producing  more 
livestock,  namely  dairy  cows,  the  additional  hay  is  consumed.  When  soil 
loss  is  reduced  to  T,  the  maximum  number  of  dairy  cows  produced  is  raised. 

As  a  result  of  imposing  this  policy,  new  soil  conserving  rotations 
other  than  those  previously  identified  are  being  used.  These  are  no-tillage 
com/wheat  and  no-tillage  oom/wheat/meadew.  These  rotations  are  seen 
more  frequently  on  the  less  steeply  sloping  soils  and  additional  continuous 
meadow  is  being  raised  on  the  more  steeply  sloping  soils.  If  soil  loss 
on  all  soi  l  types  were  reduced  to  a  level  of  T,  the  marginal  cost  of 
reducing  soil  loss  is  $19.32  per  ton. 


If  policy  set  B  is  inposed  at  T  level,  the  marginal  cost  of  a  ton  of 
soil  averages  $9.78  more  than  the  marginal  cost  of  a  ton  of  soil  under 
the  policy  set  A  at  the  same  level  of  reduction.  Results  of  this 
magnitude  would  be  expected.  Soil  loss  would  be  reduced  on  all  soil  types 
regardless  of  slope,  natural  productivity  or  profitability,  even  though 
soil  loss  on  sane  soil  types  nay  already  be  acceptable. 

The  results  of  a  restriction  to  .75T  are  similar  as  when  soil  loss 
on  all  soil  types  is  equal  to  T.  However,  if  a  restriction  of  .50T’is 
inposed  on  farms  in  the  watershed,  major  changes  must  take  place  to 
maintain  current  levels  of  production.  When  soil  loss  is  reduced  from  T 
to  .50T,net  revenue  is  reduced  $5,924,510.57  or  on  the  average  of  $72.46 
per  acre. 

When  a  soil  loss  restriction  of  . 50T  is  inposed  on  all  farmers  in 
the  watershed,  farm  output  changes  in  different  areas  of  the  watershed. 
First,  com  and  soybean  acreage  decreases  to  76.6  percent  and  62.12 
percent  of  their  initial  level.  This  response  is  the  same  when  soil  loss 
is  restricted  to  1.129  tons  per  acre  under  policy  set  A.  If  restrictions 
of  this  magnitude  must  be  inposed,  restricting  soil  loss  by  soil  type  and 
slope  length  reduces  net  revenue  more  than  restricting  soil  loss  under 
policy  set  A.  Second,  hay  acreage  increases  more  than  three-fold  to 
32,404.7  acres,  as  in  policy  set  A.  The  only  way  the  additional  hay  can 
be  consumed  at  this  time  is  to  produce  other  livestock,  namely  beef 
calves.  Introducing  the  beef  cow-calf  activity  and  selling  calves  at  210 
days  of  age  is  less  of  a  losing  proposition  than  leaving  hay  unconsumed. 

When  soil  loss  is  restricted  to  . 50T,  those  rotations  which  conserve 
the  soil  the  most  are  used  by  farmers  to  maximize  net  revenue.  Almost 
one-third  of  the  soil  type  slope  length  ccrfcinations  have  continuous 


meadow  growing,  and  nearly  one-fourth  of  all  soil  type,  slope  length 
carbinations  produce  oom/wheat/meadcw. 

Figures  9  and  1 0  surtmarize  the  results  of  this  policy.  As  the  constraint 
becomes  more  restrictive  (approaching  one  ton  of  soil  loss  per  acre  per 
year) ,  net  revenue  in  the  watershed  decreases  rapidly.  However,  it  seems 
that  reducing  soil  loss  to  the  soil  tolerance  factor  (T)  will  allow  a  high 
level  of  crop  production  to  be  sustained  economically  and  indefinitely  as 
proposed  by  Wischmeier  and  Smith,  (1965). 

This  being  the  case,  policy  set  A  appears  less  costly  for  the  farmer. 

If  soil  loss  is  reduced  from  current  levels  to  the  average  T  value  or  2.07 
tons  per  acre  for  all  soils  in  the  watershed,  there  is  an  increase  in  net 
revenue  of  45$  per  ton  per  acre.  If  soil  loss  is  reduced  from  current 
levels  to  the  T  value  for  each  acre  the  average  cost  is  76C  per  ton. 

Policy  Sets  C  and  D 

Policy  set  C  is  a  soil  loss  tax  which  directly  restricts  total  soil 
loss  in  the  watershed.  Levied  on  a  per  ton  basis,  the  inplicit  assignment 
of  property  rights  is  to  the  dcwnstream  user.  On  the  other  hand.  Policy 
set  E  is  a  soil  loss  subsidy.  Total  soil  loss  in  the  watershed  is 
reduced  by  subsidizing  the  polluter  to  produce  crops  which  minimize  soil 
loss.  Thus,  the  inplicit  assignment  of  property  rights  is  to  the  polluter. 

Taxes  and  subsidies  ranging  frcm  six  dollars  to  twenty-four  dollars 
per  ton  are  modelled.  Then  the  associated  soil  loss  and  farm  inccme  in 
the  watershed  are  compared. 

The  first  tax  for  six  dollars  reduces  soil  loss  from  3.19  tons  per 
acre  in  the  unrestricted  model  to  2.72  tons  per  acre.  Phosphorus  loss  is 
reduced  from  6.98  to  5.71  pounds  per  acre.  In  this  run,  net  revenue  is 
reduced  to  $15,308,907.42.  When  the  receipts  from  the  soil  loss  tax  and 
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Figure  The  Organization  of  the  Water shod  (Balicy  Set  B) 
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With  the  tax  of  $6  per  ton,  soil  losses  range  from  3.318  tons  per  acre 


When  tax  receipts 
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Figure  il  The  Organization  of  the  Watershed  (Policy  Set  C) 
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Figure  12.  The  Impact  of  Policy  Set  C  when  the  Tax 
and  Total  Net  Revenue  are  aonfained 
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acreages  devoted  to  each  crop  remain  unchanged;  however,  bushels  of  com 
and  wheat  sold  decline.  On  the  other  hand,  bushels  of  soybeans  and  oats 
sold  increase. 

A  twelve  dollar  tax  causes  a  reduction  in  total  soil  loss  to  2.28 
tons  per  acre  and  phosphorus  loss  to  4.79  pounds  per  acre.  In  this  run, 
total  net  revenue  is  reduced  to  $13,804,630.10  (Figure  ;13).  When  the 
tax  receipts  from  the  soil  loss  tax  and  total  net  revenue  are  combined, 
the  new  objective  function  is  $16,762,818.25  or  $391,244.74  less  then 
total  net  revenue  in  the  unrestricted  model  (Figure  12).  At  this  rate, 
if  soil  loss  is  reduced  from  3.191  tons  per  acre  to  2.28  tons  per  acre  in 
the  entire  watershed,  net  revenue  oily  declines  $3.98  per  ton  per  acre 
per  year. 

Soil  losses  range  from  2.91  tons  per  acre  on  soil  group  seven  to  1.13 
tons  per  acre  on  soil  group  eight.  As  compared  to  the  unrestricted  model, 
acreages  devoted  to  each  crop  grown  do  not  decline  (Figure  however 

there  is  a  decline  in  bushels  of  com  and  wheat  sold.  On  the  other  hand, 
bushels  of  soybeans  and  oats  sold  increase. 

A  fifteen  dollar  tax  causes  an  insignificant  reduction  in  soil  loss. 
It  is  still  2.28  tons  per  acre,  the  same  as  the  twelve  dollar  tax. 

In  this  run,  total  net  revenue  is  reduced  to  $13,065,193.26.  When  the 
tax  receipts  from  the  soil  loss  tax  and  total  net  revenue  are  combined, 
the  new  objective  function  is  $16,761,314.49  or  $392,748.50  less  than 
total  net  revenue  in  unrestricted  model.  At  this  rate,  if  soil  loss  is 
reduced  from  3.191  tons  per  acre  to  2.28  tons  per  acre  in  the  entire 
watershed,  net  revenue  declines  $3.99  per  ton  per  acre  per  year. 

With  the  $15  per  ton  tax,  soil  losses  range  from  2.91  tons  per  acre 
on  soil  group  seven  to  1.15  tons  per  acre  on  soil  group  eight.  These 


results  are  nearly  identical  when  conpared  to  the  twelve  dollar  tax. 

As  compared  to  the  unrestricted  model,  acreages  devoted  to  each  crop 
grown  does  not  decline,  however  bushes  of  com  and  wheat  sold  do  decline. 
Ccrpared  to  the  twelve  dollar  tax  all  grain  production  has  declined 
except  for  oats  which  has  remained  constant. 

An  eighteen  dollar  tax  reduces  total  soil  loss  to  2.13  tons  per  acre 
and  phosphorus  loss  to  4.47  pounds  per  acre.  In  this  run,  total  net 
revenue  is  reduced  to  $12,359,283.53  (Figure  13).  When  the  tax  receipts 
from  the  soil  loss  tax  and  total  net  revenue  are  carbined,  the  new  objective 
function  is  16,502,278.07  or  651,784.92  less  than  total  net  revenue  in 
the  unrestricted  model  (Figure  12).  At  this  rate,  if  soil  loss  is  reduced 
from  3.191  tens  per  acre  to  2.13  tons  per  acre  in  the  entire  watershed, 
net  revenue  only  declines  $5.69  per  ten  per  acre  per  year. 

Soil  losses  range  from  2.48  tons  per  acre  on  soil  group  seven  to 
1-63  tons  per  acre  on  soil  group  one.  As  ccrpared  to  the  previous  runs, 
the  variance  in  soil  loss  is  much  narrower.  Acreages  devoted  to  com  and 
soybeans  decline  and  hay  production  acreage  increases.  This  organizational 
change  in  the  watershed  is  reflected  in  Figure  .1 1 .  The  inpact  of  the  tax 
on  net  revenue  is  shown  in  Figures  12  and  113.  Net  revenue  in  Figure  )  3 
is  simply  net  farm  income,  but  net  revenue  in  Figure  12  includes  both 
net  farm  income  and  tax  revenues. 

Bushels  of  com,  soybeans  and  wheat  sold  show  a  significant  decline 
while  oat  production  increases  corpared  to  the  unrestricted  model.  Also, 
the  number  of  dairy  cows  produced  has  increased.  In  the  unrestricted 
model  1,681  dairy  cows  are  produced;  there  are  now  3,113.  The  significant 
increase  is  due  in  large  part  to  the  increased  hay  production.  Since 
additional  hay  is  being  raised  to  reduce  soil  loss,  it  is  less  costly  to 
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feed  it  to  livestock  than  to  leave  it  in  the  field. 

The  results  of  a  twenty  one  dollar  tax  sure  also  depicted  in  Figures 
12  and  13  as  shown  by  point  H.  Soil  loss  is  occuring  at  the  rate  of 
1.91  tons  per  acre  per  year  and  phosphorus  loss  at  4.01  pounds  per  acre. 

In  this  model  run,  total  net  revenue  is  $11,721,565.75.  When  the 
tax  receipts  from  the  soil  loss  tax  and  total  net  revenue  are  combined, 
the  new  objective  function  is  $16,050,300.77  or  $1,103,762.22  less  than 
total  net  revenue  in  the  unrestricted  model.  At  this  rate,  if  soil  loss 
is  reduced  from  3.191  tens  per  acre  to  1.91  tons  per  acre  in  the  entire 
watershed  total  net  revenue  declines  $7.98  per  ten  per  acre  per  year. 

Soil  losses  range  from  2.66  tons  per  acre  on  soil  group  five  to 
1.28  tons  per  acre  on  soil  group  eight.  Com  and  soybean  acreage  decline, 
wheat  and  oat  acreage  remained  constant,  and  hay  acreage  increased. 

Also,  bushels  of  com  and  soybeans  sold  decline.  However,  oat 
production  remains  constant  and  wheat  production  slightly  increase. 

Dairy  cows  increase  while  beef  and  swine  production  remain  constant. 
Compared  to  the  unrestricted  model,  the  dairy  increase  is  more  than  two¬ 
fold.  Again,  this  significant  change  is  due  to  the  land  devoted  to  hay. 

In  this  run,  16,641  acres  or  15.4  percent  of  the  land  is  in  hay. 

The  last  tax  scheme  modelled,  a  twenty  four  dollar  tax  reduces  soil 
loss  from  3.19  tons  per  acre  in  the  unrestricted  model  to  1.82  tons  per 
acre.  In  this  run,  farmers’  net  revenue  is  reduced  to  11,118,482.69 
(Figure  ]  31 .  When  the  receipts  from  the  soil  loss  tax  and  total  net 
revenue  are  combined,  total  net  revenue  declines  $1,319,014.37  to 
15,835,048.62  from  the  unrestricted  model  (Figure^  )•  At  this  rate  if 
soil  loss  is  reduced  from  3.191  tons  per  acre  to  1.82  tons  per  acre  in 
the  entire  watershed,  net  revenue  declines  $8.91  per  ton  per  year. 


Soil  losses  range  from  2.50  tons  per  acre  on  soil  group  five  to  1.58 
tons  per  acre  on  soil  group  eight.  Gonpared  to  the  unrestricted  model, 
acreages  devoted  to  each  crop  change  significantly  (Figure  11').  Com 
and  soybean  acreage  declines  considerably,  wheat  and  oat  acreage  remains 
constant,  and  hay  acreage  increases.  Hay  production  increases  but  hay 
acreage  shifts  to  less  productive  soils.  The  livestock  activities  are 
consuming  all  hay  that  is  produced.  If  higher  tax  levels  are  modelled, 
it  is  hypothesized  that  some  hay  will  be  left  unconsumed. 

Results  under  Policy  Set  D,  the  subsidy  for  reducing  soil  loss, 
demonstrate  the  similarities  between  the  effect  of  a  tax  and  the  effect 
of  a  subsidy.  Notice  in  Table  4  that  seme  of  the  impacts  are  identical 
under  the  tax  or  the  subsidy.  For  exanple,  a  tax  or  subsidy  of  $24 

r 

per  ton  reduces  soil  loss  to  an  average  of  1.82  tens  per  acre  while 
reducing  the  net  economic  impact  to  $15,835,000.  The  similarity  between 
a  tax  and  subsidy  is  illustrated  in  Figures  12  and  16.  The  difference 
is  in  who  pays  the  price.  As  can  be  seen  in  oolurms  3  and  4  of  Table  4, 
the  fanner  pays  a  much  higher  price  with  the  tax  than  the  subsidy.  If 
one  assigns  soil  loss  rights  to  farmers  and  subsidizes  income  in  order  to 
reduce  soil  loss,  farmers’  income  actually  improves  as  soil  loss  is 
reduced.  On  the  other  hand,  farmers’  income  drops  drastically  if  clean 
water  rights  are  assigned  to  downstream  users  and  a  tax  is  imposed. 

The  differences  in  farmers’  net  revenues  cure  illustrated  by  comparing 
Figures  1 3  and  1 5 . 

The  similarities  in  farm  organization  are  illustrated  in  Figures 
1 1)  and  14.  For  both  the  tax  and  the  subsidy  crop  acreage  remains  relatively 
unaffected  until  a  tax  or  subsidy  of  $21  per  ton. 
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Table  4.  A  Conparison  of  Results  Fran  Policy  Set  C 
(Soil  Loss  Tax)  and  Policy  Set  D  (Subsidy 
to  Reduce  Soil  Loss) 


Amount 

Farmer’s 

Net  Economic  Inpact 

of  Tax 

Average 

Net  Revenue 

Farmer's  Net 

Farmer's  Net 

or 

Subsidy 

($/ton) 

Soil 

Loss 

(tons/acre) 

With 

Tax 

($000) 

With 

Subsidy 

($000) 

Revenue  Plus 
Tax  Receipts 
($000) 

Revenue  Minus 
Subsidy 
($000) 

0 

3.19 

17,154 

17,154 

17,154 

17,154 

6 

2.72 

15,309 

17,375 

17,082 

17,082 

9 

2.31 

14,545 

17,645 

16,784 

16,784 

12 

2.28 

13,805 

17,938 

16,763 

16,763 

15 

2.28 

13,065 

18,232 

16,761 

16,761 

18 

2.13 

12,359 

18,559 

16,502 

16,502 

21 

1.91 

11,722 

18,954 

16,050 

16,050 

24 

1.82 

11,118 

19,385 

15,835 

15,835 

CORN 
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Figure  14  The  Organization  of  the  Watershed  (Policy  Set  D) 
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CONCLUSIONS 


The  intemaliz  ition  of  externalities  in  the  agricultural  sector 
depends  upon  many  variables.  These  include  the  soils'  response  to  minimun 
or  no-tillage,  the  willingness  of  farmers  to  adopt  soil  loss  reducing 
methods,  the  acceptance  of  moderate  degrees  of  risk,  the  temporary  loss 
of  efficiency,  and  the  feedback  from  those  who  bear  the  costs  for  which 
little  or  no  benefits  are  derived. 

In  the  Honey  Creek  Watershed,  soil  groups  four,  five,  seven,  nine, 
and  ten  respond  to  minimum  or  no-tillage  more  favorably  than  conventional 
tillage.  This  accounts  for  78,575.9  acres  or  72.8  percent  of  the  land 
modelled.  On  soil  group  eight,  conventional  tillage  is  the  only  feasible 
tillage  practice.  Of  the  107,921.2  acres  modelled,  12.95  percent  or 
13,980.2  acres  is  of  this  group.  Thus,  85.75  percent  of  the  land  strongly 
favors  either  conventional  or  reduced  tillage. 

Thus,  as  one  moves  from  the  "base"  model  to  the  unrestricted  model, 
soil  loss  is  reduced  by  one  half  with  up  to  a  five  to  ten  percent  increase 
in  net  revenue  on  those  soil  types  responsive  to  minimum  and  no-tillage. 

The  models  also  shew  that  of  the  factors  man  has  control  over, 
shifting  to  reduced  tillage  is  the  least  expensive  route  to  follow  and 
spring  plow  conventional  tillage  is  second  most  expensive.  Finally, 
even  though  changing  rotations  decreases  soil  loss  the  most  in  many  cases, 
it  is  the  most  expensive  route. 

The  first  policy  set  restricts  soil  loss  in  the  entire  watershed. 

If  soil  loss  is  reduced  to  2.14  tons  per  acre,  a  value  just  larger  than 
T  (2.067),  net  revenue  nay  increase  as  much  as  three  percent  over  base 
model  figures  on  those  soils  responsive  to  reduced  tillage  in  the  long 


run.  In  this  case,  as  in  the  other  policy  sets,  average  cost  increases 
as  the  constraint  becomes  more  restrictive  (Table  5' . 

Policy  set  B  restricts  soil  loss  by  fractional  increments  of  T  from 
2. OT  to  .50T.  If  a  soil  loss  restriction  of  T  is  applied  to  all  soil 
types  in  the  watershed,  net  revenue  in  the  watershed  would  decrease 
slightly.  However,  compared  to  the  more  restrictive  runs 
of  policy  set  A,  where  production  shifts  to  hay  on  the  more  steeply 
sloping  land,  crop  rotations  change  to  less  erosive  ones  on  all  soil  types 
and  slopes  (Table  5) . 

Policy  set  C  is  based  on  implementation  of  a  tax  on  soil  loss.  As 
with  the  other  policy  sets,  this  model  assumes  that  the  farmer  is  completely 
rational  and  makes  his  decisions  based  upon  perfect  information .  When  a 
soil  loss  tax  of  six  dollars  per  ton  is  levied  against  all  farmers  in 
the  watershed,  soil  loss  is  only  reduced  to  2.72  tens  per  acre.  Although 
the  value  is  .656  tons  greater  than  the  T  value,  Narayanan,  Lee,  and 
Swanson  feel  that  total  damage  sustained  from  a  profitable  crop  rotation 
in  a  similar  watershed  is  substantially  less  than  this.  Thus,  it  appears 
that  levying  a  six  dollar  per  ton  tax  would  cover  marginal  social  costs 
in  the  Honey  Creek  Watershed.  This  tax  rate  will  decrease  farmers'  net 
revenue  by  approximately  ten  percent  (Table  6) . 

If  current  policy  reccrrmendatians  require  soil  loss  to  be  2.067  tons 
per  acre,  an  18  dollar  to  21  dollar  tax  mast  be  levied  to  meet  this 
requirement.  This  may  not  be  justified  since  margined  costs  may  more 
than  be  covered.  Strictly  speaking,  the  additional  revenue  generated  can 
be  considered  a  sacrifice  in  efficiency  and  a  redistribution  of  income 
from  fanners  to  other  taxpayers. 


Table  5.  Society's  and  Farmers'  Costs  Per  Ton  of  Soil  Loss 
to  Reduce  Soil  loss  from  Present  Amounts  to 
Those  Occurring  Under  Alternative  Levels  of 
Restrictions 


Average 

Soil 

Loss  a 
(tons/acre) 

Average 
Phosphorus 
loss  a 

(pounds/acre) 

Average  Cost  to  Society  and  Farmer*5 

Policy  Set  Ac 
($/ton) 

Policy  Set  b4 
(S/ton) 

3.19 

6.98 

-3.04e 

-3.04 

3.00 

6.30 

-2.86 

-2.84 

2.50 

5.25 

-1.83 

-1.40 

2.07 

4.35 

-0.45 

0.76 

1.63 

3.42 

2.12 

3.44 

1.31 

2.75 

4.64 

11.90 

^nder  current  practices  soil  loss  is  estimated  to  average  6.19  tons  per  acre 
and  phosphorus  loss  is  estimated  at  12.38  pounds  per  acre. 


^Difference  between  net  revenue  under  current  practices  and  net  revenue  under 
restriction  divided  by  reduction  in  soil  loss. 

cFolicy  Set  A  restricts  average  soil  loss  in  the  watershed. 

^Policy  Set  B  restricts  soil  loss  on  each  acre  in  the  watershed. 

e-3.04  indicates  that  net  revenues  increase  by  $3. 04/ton  if  most  profitable 
practices  are  adopted. 
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Table  6.  Society's  and  Farmer's  Average  Goat  Per  Tton  of  Soil  Loss 

to  Reduce  Soil  Loss  from  Present  Amxmts  to  Those  Qocurrinq 
Under  Alternative  love  la  of  Tax  and  Subsidy 


Amount 
of  Tax 

Average 

Soil 

Average 

Average  Cost  to  Farmer^ 

Average  Cost 

to  Society0 

or 

Subsidy 

($/ton) 

Loss  a 

(tons/ 

acre) 

Pliosphorus 
Loss  a 
(lbs/acre) 

With  Tax 
(Policy  Set 
C)  ($/ton) 

With  Subsidy 
(Policy  Set 

D)  ($/ton) 

With  Tax  " 
(Policy  Set 

C)  ($/ton) 

With  Subsidy 
(Policy  Set  D) 
($/ton) 

0 

3.19 

6.98 

-3.04d 

-3.04 

-3.04 

-3.04 

6 

2.72 

5.71 

2.30 

-3.24 

-2.44 

-2.44 

9 

2.31 

4.85 

3.88 

-3.52 

-1.47 

-1.47 

12 

2.28 

4.79 

5.69 

-4.20 

-1.41 

-1.41 

15 

2.28 

4.79 

7.35 

-4.89 

-1.40 

-1.40 

18 

2.13 

4.47 

8.69 

-5.45 

-0.76 

-0.76 

21 

1.91 

4.01 

9.63 

-6.03 

0.26 

0.26 

24 

1.82 

3.82 

10.71 

-8.76 

0.71 

0.71 

v\lnder  current  practices  soil 
phorus  loss  is  eetimat  od  at 

loss  is  estimated  to  average 
12.38  pounds  per-  acre. 

6.19  tons  per  acre  and  phos- 

kliffureneo  between  farmer's  net  revenue  under  current  practices  and  not  revenue  under 
tax  or  subsidy  divided  by  »-eduction  in  soil  loss. 


cDif forenco  between  society's  net  revenue  under  current  practices  and  net  revenue  under 
tax  or  subsidy  divided  by  reduction  in  soil  loss. 

d-3.04  indicates  that  net  revenues  increase  by  $3. 04/ton  if  most  profitable  practices 
are  adopted. 
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A  subsidy  results  in  the  same  net  economic  inpact  as  a  tax.  The 
resulting  distribution  of  income  is  the  differentiating  factor  between 
the  two.  With  the  subsidy,  farmers'  net  revenues  actually  increase  while 
soil  loss  is  reduced  (Table  6) . 
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